Purpose The management of the contralateral inguinal canal in children with clinical unilateral inguinal hernia is controversial. Our objective was to systematically review the literature regarding management of the contralateral inguinal canal. Methods We searched MEDLINE, EMBASE, and Cochrane databases (1940-2011) using 'hernia' and 'inguinal' and either 'pediatric,' 'infant,' or 'child,' to identify studies of pediatric (age B21 years) patients with inguinal hernia. Among clinical unilateral hernia patients, we assessed the number of cases with contralateral patent processus (CPP) and incidence of subsequent clinical metachronous contralateral hernia (MCH). We evaluated three strategies for contralateral management: expectant management, laparoscopic evaluation or pre-operative ultrasound. Pooled estimates of MCH or CPP were generated with random effects by study when heterogeneity was found (I 2 [ 50 %, or Cochrane's Q p C 0.10). Results We identified 2,477 non-duplicated studies, 129 of which met our inclusion criteria and had sufficient information for quantitative analysis. The pooled incidence of MCH after open unilateral repair was 7.3 % (95 % CI 6.5-8.1 %). Laparoscopic examination identified CPP in 30 % (95 % CI 26-34 %). Lower age was associated with higher incidence of CPP (p \ 0.01). The incidence of MCH after a negative laparoscopic evaluation was 0.9 % (95 % CI 0.5-1.3 %). Significant heterogeneity was found in studies and pooled estimates should be interpreted with caution. Conclusions The literature suggests that laparoscopically identified CPP is a poor indicator of future contralateral hernia. Almost a third of patients will have a CPP, while less than one in 10 will develop MCH when managed expectantly. Performing contralateral hernia repair in patients with CPP results in overtreatment in roughly 2 out of 3 patients.
Introduction
Inguinal hernia is an important cause of morbidity in the pediatric population with an incidence of 1-4 % [1] . It has long been recognized that children with clinical unilateral inguinal hernias are at risk for subsequently developing a contralateral inguinal hernia. The incidence of metachronous contralateral hernia (MCH) as determined in several reviews is 7-10 %, [2-4] with higher incidence if the initial hernia was on the left, and among younger patients. Gender does not appear to be a consistently significant predictor. A MCH is typically related to a contralateral patent processus vaginalis (CPP). The processus vaginalis is a fingerlike projection of peritoneum that typically closes between the 36th and 40th week of gestation. It is thought that 40 % close in the first few months after birth and an additional 20 % by age 2 years. [5] .
More recently, laparoscopic techniques have been used at the time of unilateral hernia repair, to evaluate the contralateral inguinal canal in an attempt to identify children who are likely to subsequently develop a contralateral hernia. Pre-operative imaging (e.g., inguinal ultrasound) has also been utilized to this end. When a CPP is identified, simultaneous repair can be performed, preventing later contralateral hernia development and obviating the need for subsequent inguinal surgery. However, the use of these techniques may lead to both false positive and false negative findings, and the balance of risks and benefits of such strategies are uncertain.
The purpose of this systematic review is to examine contemporary management strategies in terms of the incidence of MCH (as would occur with expectant management) as well as the incidence of CPP with laparoscopic or ultrasound evaluation.
Methods
We performed a systematic review of the literature from 1940 to 2011. Medline, Embase, and the Cochrane Library were queried for the key terms of Inguinal, Hernia or Hydrocele (infant or child* or neonat* or pediatric* or paediatric*) (Fig. 1 ). Secondary searches of reference lists of selected articles and reviews were performed. Full text sources were available for most titles, however some data was derived from abstracts alone or previously performed systematic reviews when sufficient detail was provided [3, 4, 6] . For inclusion in this review, reports were required to have cohorts of clinically unilateral inguinal hernias, have an adequate description of technique used to evaluate the contralateral inguinal ring (either expectant management, ultrasound evaluation, transinguinal or transabdominal laparoscopy) and data on the number of CPP found on evaluation (ultrasound or laparoscopic) and/or the number of MCH. Studies were excluded if the number of clinically unilateral hernias that were found to have contralateral abnormalities was unclear. Studies where the primary hernia was only associated with undescended testis were excluded; however, three studies where a small proportion of hernias (20, 1, and 7 % of the cohorts, respectively) [7] [8] [9] were related to undescended testes were included. Information regarding follow-up, age, sex, and laterality at presentation was recorded where available. Two reviewers independently performed the initial literature search, selection of titles, and data abstraction. Article lists and abstracted data were compared and inconsistencies settled by joint re-review of relevant primary sources.
Pooled estimates of the incidence of MCH and CPP were generated from studies with relevant data and weighted with inverse variance methods (Peto) [10] . Odds ratios for the relative risk of outcomes compared incidence by gender or laterality at presentation, where data were available. Random effects estimation (DerSimonian-Laird) [10] was used if significant heterogeneity (I 2 [ 50 % or Cochrane's Q p C 0.10) was encountered. Egger plots were used to examine for publication bias. Significant (p \ 0.01) publication bias on Egger plots are characterized by a regression line intercept and associated 95 % confidence interval that does not overlap with zero on the y-axis [11] . Data management was performed with Microsoft Excel (2011, Microsoft Corporation, Redmond, WA). Analyses of primary outcomes were performed using Stata Statistical Software (Release 11. College Station, TX: StataCorp LP.). Mixed effect regression models with random effects for each study were used to test for significant effects of age on CPP and incidence of MCH, or length of follow-up on incidence of MCH. We assumed a linear effect of age or length of follow-up on the incidence of MCH and a linear effect of log (age) on the presence of CPP.
Results
After a complete search of 2,477 titles, data from 129 studies were included in the analysis. Most studies were retrospective reviews of local experience (n = 76); however, there were some prospective (n = 20) and randomized (n = 4) studies as well. Specific study design could not be deduced from the available information in 29 papers. Eleven studies included multiple strategies.
Data on the incidence of MCH after unilateral open surgical repair with expectant management were available from 66 sources with a sum total of 32,432 patients. The pooled incidence of MCH after unilateral hernia repair was 7.3 % (95 % CI 6.5-8.1 %; Fig. 2 ). Egger plots demonstrated evidence for potentially significant publication bias (p \ 0.01) for the risk of MCH after open repair. After stratifying by study type the incidence of MCH was 8.2 % (95 % CI 4.8-8.0 %, I 2 = 0 %), 6.0 % (95 % CI 4.1-8.0 %, I 2 = 76 %), 6.3 % (95 % CI 5.3-7.2 %, I 2 = 83 %), 9.5 % (95 % CI 7.8-11.3 %, I 2 = 89 %) for randomized trials, prospective cohorts, retrospective cohorts, and unknown/unclear studies, respectively. There was no significantly increased risk in males versus females (OR 1.18; 95 % CI 0.91-1.54, I 2 = 0 %, n = 13 studies). There was a significantly increased odds of MCH when the initial presenting side was Left (OR 1.71; 95 % CI 1.21-2.41, I 2 = 51 %, n = 20 studies). This represents a risk difference in the range of 3-4 % (absolute increase in risk for MCH) when the presenting side is left as compared to right.
Data on laparoscopic evaluation of the contralateral internal ring was available from 71 studies with a sum total of 11,386 patients. The pooled incidence of CPP when using either transabdominal or transinguinal laparoscopy to evaluate the contralateral inguinal ring was 30 % (95 % CI 26-34 %; Fig. 3 ). Egger plots demonstrated evidence for significant publication bias (p \ 0.01) for the prevalence of CPP during laparoscopic evaluation. Using a subgroup of only transabdominal laparoscopy the pooled incidence of CPP was 31 % (95 % CI 26-37 %, I 2 = 97 %) as compared to the transinguinal laparoscopy group where the incidence of CPP was 27 % (95 % CI 23-32 %, I 2 = 89 %). After stratifying by study type the pooled incidence of CPP was 25 % (95 % CI 18-32 %, I 2 = 0 %), 34 % (95 % CI 26-42 %, I 2 = 79 %), 30 % (95 % CI 25-34 %, I 2 = 97 %), 25 % (95 % CI 11-38 %, I 2 = 82 %) for randomized trials, prospective cohorts, retrospective cohorts, and unknown/unclear studies, respectively. Males were 55 % less likely to have a CPP than females (OR 0.45; 95 % CI 0.25-0.79, I 2 = 62 %, n = 5 studies), representing a 3-10 % absolute risk difference. Children were 96 % more likely to have a CPP when presenting side was left (OR 1.96; 95 % CI 1.45-2.65, I 2 = 32 %, n = 8 studies), representing an 11-16 % absolute difference.
Among patients who underwent laparoscopic evaluation and were NOT found to have a CPP, the incidence of MCH was 0.9 % (95 % CI 0.5-1.3 %). However, one very large study suggested a near-nil risk among this group, and may have skewed the incidence. When this one large study was removed in a sensitivity analysis, the pooled incidence of MCH after negative laparoscopic exploration became 1.8 % (95 % CI 1.1-2.5 %).
Additional potential sources of heterogeneity that were investigated in sensitivity/subgroup analyses include the distribution of gender, presenting side of original hernia, study type, age and the length of follow-up. When examining only studies that had stratified male/female data regarding CPP, the I 2 reduced only to 62 % suggesting persistent issues. Heterogeneity improved (I 2 = 32 %) for evaluation of CPP but not for MCH (I 2 = 51 %) in presenting right versus presenting left among studies with laterality information. For study type, heterogeneity was reduced to near 0 % among randomized trials for the incidence of MCH after unilateral repair (n = 3) and for the incidence of CPP (n = 4). Among those managed expectantly (i.e., no laparoscopic evaluation), there was no significant correlation between length of follow-up measures and incidence of MCH (by minimum follow-up R 2 = 0.03, p = 0.40; by mean/median R 2 = 0.10, p = 0.20; by maximum R 2 = 0.04, p = 0.31). Age at surgery was not significantly correlated (R 2 = 0.15, p = 0.09) with incidence of MCH. With regard to the presence of a CPP, there was a statistically significant but weak correlation (R 2 = 0.43, p \ 0.01) with the log of cohort age. Other sources of heterogeneity may exist, but could not be examined further with the existing data. Evaluating the test characteristics of laparoscopic assessment of the contralateral ring, with presence of CPP being considered a positive test, and clinical occurrence of MCH being the gold standard, then laparoscopic examination of the contralateral internal ring has sensitivity of 91 %, specificity of 74 %, PPV of 26 %, and NPV of 99 %.
Only 5 studies contributed data on the utility of preoperative ultrasound for evaluation of the contralateral inguinal canal with a sum total of 881 patients. Criteria used for a positive test were the presence of abdominal structures, fluid in the patent processus, and/or a canal width [4 mm in three [12] [13] [14] studies, the presence of a lumen [2 cm from the inferior epigastric vessels in one [15] , and not described in detail in one [16] . The pooled incidence of CPP among these studies was 32 % (95 % CI 18.7-45.8 %). The detection rate was quite variable from 8 to 78 % reflecting the considerable heterogeneity between studies (I 2 = 96 %). Age may have played a role in these findings since the one study limited to ages \1 year found CPP in 78 % while the remaining studies with ages up to 13-15 years found CPP incidence from 8 to 32 %. The false negative rate regarding MCH is difficult to determine since only one of the five studies reported the post-operative outcomes among those patients who were not explored, based on a negative ultrasound; no cases of MCH were observed in 6-to 12-month follow-up. The false negative rate of ultrasound for CPP, as determined by open or laparoscopic evaluation of the contralateral side, was 3.4-80 % in the three studies with this information. Two other studies only explored those with positive ultrasound findings. Among cases suggested by US, CPP was confirmed at exploration in 78 % (14/18) [16] , 95 % (74/78) [15] and 100 % (10/10) [12] . The sensitivity of US in symptomatic and asymptomatic hernias from two studies was 98 % [14] (323/330) and 97 % [13] (458/473).
Discussion
Inguinal hernia occurs in 0.8-4.4 % of children, and is unilateral in 75-90 % [4, 5] . Incidence is higher in premature infants (13 % of those \32 weeks gestation) and low birth weight infants (30 % in infants \1,000 g) [5] . Children with clinical unilateral inguinal hernia are at increased risk of developing a metachronous contralateral hernia. These may present days to years after the initial hernia, and can be frustrating for both surgeons and families. In response, a variety of strategies have been proposed for management of the contralateral inguinal canal. Such strategies seek to minimize the need for subsequent contralateral surgery, while also avoiding potential overtreatment among those children in whom MCH would never occur. However, considerable controversy persists as to the optimal approach in children with clinical unilateral hernia.
Routine contralateral open exploration was considered standard for much of the 20th century [17] . As recently as 1996, a survey of pediatric general surgeons found that 65 % still performed contralateral open exploration of males \2 years old; laparoscopic evaluation of the contralateral side was performed by only 6 % of respondents [18] . Routine contralateral exploration has been questioned, however, based on concerns over the risk of injury to the vas deferens or testicular blood supply during exploration, as well as the low overall risk of clinical metachronous contralateral hernia (meaning that contralateral treatment is unnecessary in most patients) [5] . As a result of these concerns, laparoscopic evaluation of the contralateral ring has been advocated as a way to identify children with a CPP who are more likely to develop a MCH. Pre-operative ultrasound has also been proposed as an even less invasive way to identify a CPP. In theory, presence of a CPP indicates a high risk for MCH, and therefore contralateral repair is performed and the need for subsequent surgery eliminated.
Unfortunately, determining the accuracy of these methods to predict contralateral clinical hernia is difficult, because few studies assessed contralateral status and then managed all or some expectantly. It is clear that presence of a CPP does not invariably lead to subsequent contralateral clinical hernia, and regardless of the diagnostic approach used, the chance of finding a CPP is much higher than the expected rate of contralateral clinical disease. In the only study of its kind in this review, among 53 patients with CPP on laparoscopic evaluation (but left untreated), only 6 (11 %) went on to develop clinical contralateral hernia during 82 months of follow-up [19] . It seems clear that at least some contralateral repairs do not actually prevent clinical disease.
This review of the existing literature suggests that when an expectant management or observational approach is used for children with clinical unilateral hernia, the risk of developing a MCH is \10 %. Laterality of the presenting hernia may have some influence since the risk of MCH is around 3-4 % higher when the initial clinical hernia is on the left side. However, when adjunctive diagnostic methods are used, a CPP is found in about 30 % of patients. Again when the presenting side is left, there is an 11-16 % increased risk of finding a CPP. Thus, even assuming 100 % accuracy of these methods for detection of CPP, it is likely that less than one-third of those with CPP would develop a clinical hernia if observed. This is consistent with autopsy data that suggest 20-30 % of adults live asymptomatically with a CPP but without clinical hernia [20, 21] . Conversely, some patients (roughly 1-2 %) with a negative diagnostic test for CPP will still develop a metachronous contralateral hernia; it is unclear if this is due to inaccurate assessment for CPP, or to patients who truly have a closed ring but develop subsequent hernia despite this.
Further complicating the picture are the varying criteria that different investigators have used to define a ''positive'' diagnostic test. Some studies use institution specific criterion during laparoscopy for CPP: [1 cm deep (n = 4 studies, mean incidence CPP = 35 %), [1 cm diameter (n = 1, incidence = 24 %), C2 cm deep (n = 3, mean 41 %), [2 cm diameter (n = 1, incidence = 11 %), gas in scrotum or crepitus (n = 9, mean = 28 %), no visible termination to patent processus (n = 7, mean = 30 %). Unfortunately, most studies only report subjective findings of an open or closed CPP (n = 54 studies). Although this factor cannot explain the differences in the incidence of CPP, it makes sense that the threshold used would contribute to the heterogeneity among study results.
It does seem likely that use of diagnostic techniques to evaluate the contralateral inguinal canal reduces the number of subsequent MCH repairs. In addition, the small number of patients with MCH who present with incarceration could be reduced as well. Avoidance of the potential cost and inconvenience of having their child undergo additional surgery-not to mention that additional anesthetic risks associated with subsequent surgery-may be significant drivers of parental preference for contralateral evaluation and repair [22] . The question is whether the overtreatment that appears intrinsic to these approaches is justified by the benefits. Furthermore, there are significant concerns regarding the surgical risks of contralateral repair. The risks of surgical site infection, testicular injury, bladder injury and vas injury may be low [23] [24] [25] 
This analysis should be interpreted in light of its limitations. Much of the included data comes from retrospective reviews that are subject to the inherent problems with this study design. There are very few prospective, randomized trials in this field from which data could be collected. Furthermore, although we attempted to exclude series that dealt with hernias associated with undescended testis, some patients may have been included due to incomplete reporting. Hernia associated with UDT may have a different natural history than that of isolated hernia, and inclusion of such cases may dilute the validity of the findings. Our analysis suggests that publication bias may have influenced the available data. However, the asymmetry observed on the Egger's plots may also be related to heterogeneity within the various studied populations, search related biases, data irregularities, or may simply be artifactual [11] . Our point estimates for MCH and CPP risk may be imprecise, especially for the false negative rate for laparoscopic evaluation since many of the series assumed that the findings were definitive and did not include followup. Differences in the populations with regard to potentially measureable (age, gender, laterality) and immeasurable factors may have contributed to the significant degree of heterogeneity encountered in our pooled estimates. Sensitivity analyses on most of the measured factors could not eliminate heterogeneity, though the study design and information regarding the laterality of the presenting clinical hernia do appear to be important sources of statistical heterogeneity among studies. Because of limited available data we did not consider birthweight and prematurity in our analysis, which are known to be associated with overall incidence of inguinal hernia (although how these factors relate to the risk of contralateral hernia is unknown). Similarly, there was insufficient information in most cases for categorization of hernia severity or determining the presence of incarceration.
Conclusions
The pooled incidence of metachronous contralateral hernia after unilateral inguinal hernia repair is 7.3 %. If the contralateral side is evaluated with laparoscopy or ultrasound, a CPP is found in about 30 % of patients. Although contralateral repair in patients with CPP may reduce the incidence of MCH, such a strategy will result in significant overtreatment since a majority of these patients will not develop clinical MCH. 
